The aim of this retrospective study is to describe changes of seizure frequency in epilepsy patients who participated in the Andrews/Reiter behavioral intervention for epilepsy. For this uncontrolled retrospective study, data was extracted from patients' medical journals. Intention-to-treat-analyses were restricted to patients with sufficient documentation supporting a diagnosis of probable or definite epilepsy. Main outcome variable was a comparison of mean seizure frequency at baseline and towards completion of the program. The seizure frequency of 30 (50%%) patients showed a clinically meaningful improvement (>50% reduction of seizures) towards the end of the intervention. Twenty-two (37%) patients became seizure-free at the end of the intervention. In summary, a clinically meaningful reduction in reported seizure frequency was observed in epilepsy patients who received the Andrews/Reiter intervention for epilepsy. Prospective trials are needed to further investigate the program's efficacy and to study epileptic seizure triggers.
INTRODUCTION
Uncertainty about when an epileptic seizure will occur may lead to high levels of anxiety in the epilepsy population. 1 This does not only apply to drug-refractory patients, concerns over recurring seizures may diminish the quality of life even in patients with well-controlled epilepsy. 2 Behavioral interventions intend to decrease the possible impact of seizure precipitants by providing instructions for prevention or interruption of seizures and may help epilepsy patients regain a sense of self-control. Therefore they have been proposed as adjunctive or alternative treatments to pharmaceutical and/or surgical treatment options. [3] [4] [5] The majority of epilepsy patients report at least one non-specific seizure precipitant (or, "seizure inducing factor", i.e. physiologic factors that affect the whole brain and temporarily lower the seizure threshold). 6 Reflex epilepsy on the other hand is characterized by seizures that are precipitated by a specific identifiable factor or "seizure trigger" which may activate hyperexcitable cortex close to a seizure focus and could trigger epileptic activity in susceptible patients. 7 Electro-clinical evidence suggests the existence of complex cognitive or emotional "seizure triggers". [8] [9] [10] It has been suggested that certain human brain regions represent emotion-category specific activity at a supramodal level. 11 Previous observations with the Andrews/Reiter approach suggested that specific emotions may function as potential endogenous triggers for epileptogenic foci in specific hemispheres (e.g. anger for left-hemispheric, and fear for righthemispheric foci). 12 It is possible that the physiology that underlies the genesis of seizures in the case of emotional seizure triggers may function similarly to the model of reflex epilepsies.
Most epilepsy patients report at least one warning sign (prodrome or aura) prior to a seizure. 13 Many patients report being able to successfully prevent and interrupt their seizures by various self-developed strategies. 14 The intervention developed by Andrews and Reiter 15 may represent the most comprehensively developed cognitive behavioral approach to epilepsy 16 and benefits from 30 years of experience providing epilepsy-specific counseling. The purpose of the present study was to systematically analyze the extensive long-term data that is available from a patient population treated consistently with the Andrews/Reiter therapeutic approach. This retrospective study examines changes of seizure frequency in epilepsy patients who received a short, intensive version of the Andrews/Reiter intervention. In the following, a short description of the intervention is given.
The intensive Andrews/Reiter program began with a three-day assessment of individual epilepsy characteristics and potential seizure triggers presented by each patient. The assessment then led to an individualized treatment plan. The implementation of the treatment plan by the patient was supervised by the therapist using weekly phone calls or email communication. The initial patient assessment and the development and supervision of the treatment plan of all patients were conducted by the epilepsy counselor Dr. Donna Andrews. A neurologist's evaluation prior to the initial patient assessment was done by Dr. Joel Reiter (on all patients seen before 2005) or other neurologists (on later patients).
On the first day, a detailed history was taken in order to explore a patient's personal and social development, future goals and to identify potential emotional or other seizure triggers. The Wechsler Adult Intelligence Scale (WAIS) or Wechsler Intelligence Scale for Children (WISC) was used for intellectual assessment and to help identify cognitive changes and localize a seizure focus. The MMPI or MMPI for Adolescents (MMPI-A), and the HouseTree-Person Test were used for individual psychological assessment, and the identification of potential subconscious issues. On the second day, deep diaphragmatic breathing was introduced as a technique to prevent and interrupt impending seizures. EEG (four electrodes placed bilaterally on temporal and frontal cortex) and EMG (measuring forehead muscle tension) biofeedback was also used once to confirm to patient and therapist the patient's ability to induce a state of awake relaxation and to allow a patient to observe the correspondence between subjective states of relaxation and measurable changes of EEG and EMG activity. For each patient, an individualized treatment plan was formulated. Treatment plans included specific daily tasks: reading the workbook Taking Control of Your Epilepsy, 15 recording seizure occurrences in seizure logs, journaling and the practice of deep relaxation by using a CD. 17 For continuation at home, patients were asked to keep daily journals of their activities to allow for the identification of recurring specific (e.g. fear, anger, situational settings, and sensory triggers) and unspecific precipitants (e.g. sleep deprivation, hypoglycemia) and warning signs of a seizure. Patients were provided guidance by the therapist in the identification of trigger sensitivities and coping strategies. Coping strategies included strict avoidance, limited amounts of exposure or the application of desensitizing strategies. Depending on the endogenous or exogenous nature of a precipitant, limitation strategies required internal or external modifications. They were implemented by setting small and realistic weekly goals. In addition, the daily practice of relaxation was intended to decrease chronically raised levels of stress and deep, diaphragmatic breathing was used as a tool in trigger situations to prevent or arrest impending seizures.
METHODS

Data Sources
Between 1980 and 2010, 2504 patients were treated by Dr. Andrews using the Andrews/ Reiter cognitive behavioral intervention. A 3 day intensive version of the intervention was offered to patients who were not living in commuting distance of the private practice setting. All participants in the intensive intervention signed an informed consent form to authorize the use of their information for research purposes. After 1996, the intensive intervention followed a uniform protocol. To select a homogenous, representative group for this retrospective study, data was obtained of all 135 non-local patients who followed the Andrews/Reiter intensive program's uniform protocol between 1996 and 2009.. To ensure patient confidentiality, no personal identifying information was obtained. All aspects of this retrospective study were reviewed and approved by the Andrews/Reiter Research Board and the OHSU Institutional Review Board.
Data was obtained from patient files that included copies of prior medical records, a neurologist evaluation, the report and treatment plan of epilepsy counselor Dr. Andrews, copies of the patients' journals and seizure logs, extracts from e-mail communications and reports made by patients during their phone consultations with Dr. Andrews. Data about self-reported seizure warning signs and emotion-and stressor-related seizure precipitants was obtained in order to assess a patient's awareness of these at the beginning of the intervention. Data about seizure occurrences and the interruption of seizures during the aura stage were obtained to allow for the long term analysis of seizure frequency. All increases, decreases and discontinuations of previously prescribed anticonvulsive medications and introductions of newly prescribed anticonvulsive medications were recorded in order to limit the analysis of seizure frequency to periods of unchanged medication. To assess the pretreatment seizure frequency and to evaluate the variability of seizure frequency prior to the beginning of the intervention, the maximum and minimum seizure frequency and the duration of transient seizure remissions before onset of treatment were obtained.
Data Analysis
The data in this study consisted of patient self-reports, which were provided by patients in pursuit of getting well rather than to contribute to a scientific evaluation of the program. The availability of test results and medical reports was often limited by a patient's lack of financial resources. Dealing with occasional information gaps posed a challenge for data analysis and required a careful methodological approach that will be described in the following.
Reliability of Epilepsy Diagnosis-As a first step of data analysis, seizure semiology, narratives of diagnostic tests (Electroencephalography (EEG), Magnetic
Resonance Imaging (MRI), Computed Tomography (CT) and EEG-Video-Telemetry (CCTV-EEG)), risk factors and response to anticonvulsant medication were reviewed by an epileptologist who was not involved in patient treatment to assign a certainty score to each patient. Epileptiform EEG abnormalities, epileptogenic MRI/CT findings, a reliable semiology, and a response to anticonvulsant medication were each assigned one point. A positive inpatient CCTV-EEG was assigned three points. Thus, the maximum possible diagnostic certainty score was seven. A patient with a diagnostic certainty score of three points or more was considered a patient with definite epilepsy, and a patient with one or two points was considered a patient with probable epilepsy.
In addition, the probability of additional non-epileptic spells (NES) was determined using a combination of the Minnesota Multiphasic Personality Inventory (MMPI) Hysteria (Hy) Score, the duration of seizures and the presence of epileptiform abnormalities in a routine EEG. This method has been described to have an overall accuracy of 86% for predicting NES in the inpatient setting, compared to 74% for EEG alone. 18 The main concern with additional NES was that their presence would confound seizure frequency outcomes. Therefore, a patient with a probability of NES greater than 30% was considered as a patient with probable additional NES.
Baseline Measurement-
The change in seizure frequency from baseline was the primary outcome in this study. The baseline was obtained by averaging the seizure count over the first two four-week intervals at the beginning of treatment.
3. Outcome Measures-Two seizure outcome measures were used in this study: change in seizure frequency and count of seizure free weeks.
The primary outcome measure was obtained by comparing the baseline with the seizure frequency during the final months of treatment. The baseline seizure count per four weeks was compared with each of the last two four-week intervals of consecutive documentation. Outcomes were categorized as follows: seizure free (100% decrease), much improved (90% to 100% decrease), improved (≥ 50% to 90% decrease), minimal change (<50% decrease) and worsened (increase of seizures), or "insufficient documentation" for those 17 patients (28%) who did not provide sufficient documentation for this step of analysis (i.e. less than 8 weeks of consecutive documentation each at the beginning and at the end of the intervention). As a separate measure, each patient's category of outcome was retraced for as long as consistent recording was available to measure the duration of any improvement or other change. Duration of improvement or change was calculated as a median number of months for each category of outcome.
As a secondary seizure outcome measure, seizure-free weeks were determined to allow an assessment of meaningful change even for some patients with insufficient seizure documentation. The total available documentation from each patient was divided into equal first, second and third portions and the percentage of seizure-free weeks of all documented weeks was determined during the first and the last third. The mean difference was calculated in points of percent (pp), and a paired t-test (one-tailed) was performed to determine if the mean change was significant, using p=0.05 as significance level. Seven patients (12%) who had provided insufficient documentation for the primary seizure outcome measure could be assessed in the secondary outcome measure of seizure free weeks. These seven had provided a mean duration of 18 weeks of documentation. In contrast, another ten patients (17%) did not provide any seizure logs and therefore could not be included in this analysis.
Changes in anticonvulsant medication:
Only seizure data from periods with unchanged or decreased anticonvulsant dosage were used for analysis. In eight cases, only the seizure data prior to a dosage change of drug was used for analysis, and in one case, only the seizure data after a dosage change at the beginning of treatment was used for analysis.
Data Inclusion
Criteria-In order to restrict data analysis to patients with a reliable diagnosis of epilepsy and interpretable seizure data, the following data criteria had to be met by each patient to be included in this retrospective study:
1
A minimum diagnostic certainty score of 1.
2
A probability of additional NES < 30%.
3.1
No history of relapsing remissions, i.e. one or more transient seizure remissions that lasted one year or longer.
3.2
At least 3 seizures prior to behavioral treatment.
3.3
At least one seizure event during each of the first two four-week intervals at the beginning of treatment.
Summary: Excluded Patients:
Of 135 patients, the data of 75 patients did not meet the inclusion criteria and was therefore excluded from further analyses:
1 Eight patients were excluded because of a diagnostic certainty score of 0.
2 Twenty-nine patients were excluded due to a probability of additional NES > 30%.
3.1
Nine patients were excluded because they had reported a transient seizure remission of ≥ 1 year prior to the beginning of the intervention.
3.2
Three patients were excluded because they had reported less than three seizures prior to the beginning of the intervention.
3.3
Twenty-six patients were excluded because they had documented less than one seizure during each of the first two four-week intervals at the beginning of treatment.
Of the remaining 60 patients who met the inclusion criteria, 20 (33%) were categorized as patients with a definite diagnosis of epilepsy due to a diagnostic certainty score of ≥ 3.
RESULTS
Characteristics of the Patient Population
Thirty-one patients (52%) had been experiencing complex partial seizures with a potential of secondary generalization for at least five years (ILAE criteria). Thirty-four (57%) patients had failed at least two antiepileptic drugs (AED) before the beginning of treatment and could be considered drug refractory patients. 19 Only three patients (5%) had never taken any medication before entering the program. Six patients (10%) had undergone resective epilepsy surgery. An overview of the composition of the whole patient population and the different diagnostic certainty groups is given in Table 1 .
Identification of Triggers and Seizure Warning Signs during Initial Assessment
During the initial patient assessment, 39 (65%) patients identified at least one specific physiologic risk factor for seizures, and 51 (85%) patients were able to identify at least one emotional, social or sensory stimulus as a potential seizure trigger under guidance of the therapist (Table 2) . Physiologic risk factors were reported by 10 (50%) patients with definite epilepsy and by 29 (73%) patients with probable epilepsy. Emotional and/or social stimuli were reported by 16 (80%) patients with definite epilepsy and by 33 (82%) patients with probable epilepsy. Sensory stimuli were reported by 2 (10%) patients with definite epilepsy and by 7 (18%) patients with probable. At least one early seizure warning sign (prodrome or aura) was reported by 17 (85%) of patients with definite epilepsy and by 32 (80%) patients with probable epilepsy. Except for two patients, all patients identified either a seizure trigger or a trigger warning during the initial assessment.
Outcome-Twenty-nine patients (this represents 59% of the patients who had identified seizure warning signs during initial assessment) reported the interruption of seizures during the course of the intervention ( Table 3 ).
The seizure frequency of about half of all patients showed a clinically meaningful improvement (>50% reduction of seizures) towards the end of the intervention. About one third of all patients were seizure-free by the end of the program and one third of the patients had not provided sufficient long documentation for this analysis ( Figure 1 ). Of those patients who did provide sufficient documentation, 51% (22 patients) were seizure-free by the end of the intervention and 79% (30 patients) showed a clinically meaningful improvement of seizure frequency. The median time between first and last report was 2.5 years, ranging from 6 months to 13 years in this group of patients.
In those patients who were seizure-free by the end of the intervention, the duration of documented complete freedom from seizures had lasted for a median of 2.2 years, ranging from three months to eight years ( Figure 2 ).
For all patients who had provided seizure logs, the mean increase of seizure free weeks from the first to the last third of the program was significantly greater than zero (mean change = 22.9 points of percentage (pp), p = 0.000). In 12 patients (20%), the individual increase exceeded 60 points of percentage (Table 4) .
Special Patient Groups
Patients with special conditions including children, patients with nocturnal seizures, primary epilepsy and those with an IQ ≤ 80 showed similar improvements of their seizure frequency as the larger group of patients (Table 5 ). Numbers were too small for statistical analysis.
Summary of pertinent Patient Characteristics and Results-Forty of the 60
patients included in this retrospective analysis had been experiencing complex partial seizures on a monthly basis for a median of 18 years and were medically refractor; 32 of these patients also experienced occasional secondary generalization. Except for 2 patients, all of them had identified at least one seizure precipitant or seizure warning sign during the initial days of assessment. Thirteen (43%) of all 30 patients who had provided sufficient seizure documentation, were seizure-free at the end of the intervention: five patients with definite epilepsy and eight patients with probable epilepsy. In five of these patients, the medication dosage was reduced by about two thirds. Five of the total 13 drug-refractory patients with complex partial seizures who were seizure free by the end of the intervention had bilateral seizure onsets and were therefore no candidates for epilepsy surgery.
DISCUSSION
The purpose of this retrospective intention-to-treat analysis was a systematic study of the long-term data that was available from an epilepsy population treated with the Andrews/ Reiter comprehensive cognitive behavioral approach.
Data Limitations
The patient inclusion criteria that had been applied in this study were developed to restrict the analysis to patients with interpretable data. The limited availability of test results and medical reports for establishing a patient's diagnostic certainty increased the chances that a patient was not categorized correctly. However, in our scoring system this would only have led to an underestimation of diagnostic certainty. Our method of the prediction of the probability of additional non-epileptic events was developed in a different setting and has natural limitations. In spite of our efforts to exclude unreliable data, the possibility of spontaneous fluctuations or false negative self-reports of seizure occurrence could not be ruled out. Insufficient seizure documentation limited our ability to analyze the data.
Outcome Measures
This study was not able to evaluate a patient's compliance with the program. However, it is quite possible that lack documentation in seizure logs may have resulted from limited compliance. A future, prospective trial should pay detailed attention to compliance with the various elements of this program in order to evaluate the correlation between an individual patient's motivation and outcome and to assess which elements of the program are most crucial for the program's success. A recently completed prospective pilot study of the Andrews/Reiter intervention found that program compliance was required for seizure reduction. 20 Even though journal entries and e-mail communications contained many personal references illustrating an improved quality of life, no objective health related quality of life questionnaires had been used. As a result, no direct assessment of changes in quality of life was feasible.
A suitable control group was not available for this retrospective study. Therefore, it was not possible to evaluate to what extent any patient-expectation influenced the outcome. However, the characteristics of patients who were seizure-free at the end of the intervention can be discussed in regard to prognostic relevance as found in the published literature. Chronic refractoriness usually follows a progressive or remission-relapse course. 21 To avoid potential false positive results, we aimed to exclude patients showing a remissionrelapse pattern from this study. A terminal seizure remission rate of 15% has been observed in a group of drug-refractory patients only treated with medication. 22 The terminal remission rate of 32% (14 patients) in the drug-refractory patient population in this study was much higher, suggesting a real effect of the intervention.
Self-reported Seizure Triggers and Warning Signs
Introspective phenomena such as emotional or social seizure triggers and the arrest of seizures in the aura stage played an important role in this intervention. Naturally this type of information is subjective. The reported seizure precipitants and seizure warnings were reported by the patients and evaluated under guidance of the Andrews/Reiter therapist, and in most cases were subsequently utilized to develop personalized strategies for seizure interruption. The Andrews/Reiter therapist operates with the assumption that with careful observation and analysis one or more precipitants can be found for any seizure.
Specific and unspecific, endogenous and exogenous precipitants (Table 2 ) may converge in a sensation that patients unspecifically refer to as "stress". However, a comprehensive resolution in the context of behavioral therapy requires a careful analytical approach. The terminology that is used in the medical literature for the categorization of psychological seizure precipitants is not yet sufficiently developed for this purpose. It would make sense to operate with psychological models that suggest an approach of regarding emotions primarily as indicators of underlying cognitive processes (as found e.g. in the computational beliefdesire theory of emotions). 23 Such views may render emotions accessible to therapeutic cognitive behavioral modification and resolution.
A future investigation of the interictal, preictal and ictal electroencephalographic and other (e.g. intracranial blood flow) correlates of introspective phenomena described in this study using CCTV-EEG would be desirable and might allow for a better understanding of how cognition, emotions and other subjective experiences might interact with the physiologic processes which initiate or interrupt epileptic seizures.
Special patient groups
Our observations agree with previous studies which suggest that cognitive behavioral interventions have been successfully used by patients younger than 17, 3 patients with primary epilepsy, 24 patients with nocturnal seizures 25 and patients with an IQ less than 80
(not yet studied). However, due to the small number of patients within each subgroup a statistical analysis was not feasible. Prospective and controlled studies with more homogeneous study groups will be needed for further clarification.
This study did not differentiate the prevalence of warning signs and seizure precipitants in regard to age groups, gender and syndromes, these have been described elsewhere. 13, 26 Epilepsy-specific Counseling
It has been observed that general psychological counseling is not sufficient to reduce seizures in epilepsy patients. 27 In contrast, the Andrews/Reiter approach provides tools for epilepsy specific counseling and utilizes an individualized and epilepsy-specific interpretation of the WAIS/WISC and the MMPI/MMPI-A. WAIS/WISC findings can provide an understanding of a patient's individual cognitive challenges in light of the location of respective seizure foci. In a similar fashion, a careful interpretation of MMPI results can help patients to identify emotional challenges which may function as potential seizure triggers.
Several studies have recently addressed isolated methodological aspects which have long been integral parts of the Andrews/Reiter approach. E.g., such studies encourage the supervision of epilepsy self-management programs with telephone calls, 28 individual goalsetting by epilepsy patients, 29 the potential value of questioning life stressors as triggers for the onset of epilepsy 30 and slow breathing exercises. 31 It is likely that the most effective behavioral approach will combine many or all of these elements into a comprehensive method such as the Andrews/Reiter approach studied here.
Conclusion-Despite the methodological limitations of this study, our data suggests that comprehensive behavioral approaches such as the Andrews/Reiter approach studied merit consideration as a treatment of either drug-refractory, nonsurgical candidates or motivated epilepsy patients seeking an alternative or adjunctive therapeutic options. Future prospective trials are needed to substantiate the efficacy of the Andrews/Reiter method, to prioritize its components and investigate the mechanisms by which individual factors may trigger epileptic seizures and by which patients are enabled to prevent the occurrence of seizures by reducing seizure triggers and interrupting impending seizures. One can hope that behavioral approaches to epilepsy will be studied in more detail and eventually will be incorporated into standard care for epilepsy patients.
Highlights
Seizure frequency in epilepsy patients participating in the A/R intervention was retrospectively analyzed.
Thirty (50%) patients had more than 50% reduction, 22 (37%) patients became seizure-free.
The incorporation of behavioral approaches into standard care for epilepsy patients merits consideration. Changes of seizure frequency over the course of the intervention. Results are given in % and for each group of diagnostic certainty. Outcomes were categorized as seizure free = 100% decrease, much improved = 90% to 100% decrease, improved = ≥50% to 90% decrease, minimal change = <50% decrease or worsened = increase of seizures. Documented duration of improvement of seizure frequency given in median months and for each diagnostic certainty group. Table 5 Patients with special conditions 
